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I .  SUMMARY 

The r e p r o d u c i b i l i t y  o f  t e s t s  i n  b o t h  aqueous  and non-aqueous 
s y s t e m s  h a s  been g r e a t l y  improved. R e s u l t s  can  b e  d u p l i c a t e d  t o  
t 5 p e r  c e n t .  

Energy d e n s i t i e s  were i n c r e a s e d  t o  115-120 w a t t - h r / l b  i n  4- 
h o u r  s t a t i c  t e s t s  o f  t h e  Mg/MgBr2/ACL-85@ s y s t e m  o p e r a t i n g  a t  a 
c o n s t a n t  2 . 0  v o l t s .  I n  c o n s t a n t  p o t e n t i a l  ( 3 . 2  v o l t s )  t e s t s  o f  
t h e  Li /LiClOQ-methyl  formate/ACL-70@ s y s t e m ,  e n e r g y  d e n s i t i e s  as 
h i g h  as 1 6 9  w a t t - h r / l b  were o b t a i n e d  i n  12-hour t e s t s .  
d e n s i t y  c a l c u l a t i o n s  i n c l u d e  t h e  w e i g h t s  o f  anode ,  c a t h o d e ,  
s e p a r a t o r ,  and e l e c t r o l y t e .  

by g r a p h i t e  i n  ACL-85 t a p e s  i n c r e a s e d  t h e  r e s i s t a n c e  o f  t h e  
c a t h o d e ,  and d e c r e a s e d  t h e  t h i c k n e s s  and e n e r g y  d e n s i t y .  

- 

Energy 

The p a r t i a l  r ep lacemen t  of Shawinigan a c e t y l e n e  b l a c k  ( S A B )  

The c a t h o d e  v o i d  volumes, e l e c t r o n i c  and e l e c t r o l y t i c  res is-  
t a n c e s  for o u r  bes t  aqueous and non-aqueous sys t ems  were com- 
p u t e d  and compared t o  t h e  obse rved  o v e r p o t e n t i a l s .  A t  o p t i m i z e d  
e l e c t r o l y t e  volumes,  o n l y  80-90% o f  t h e  c a t h o d e  v o i d  volume i s  
f i l l e d  w i t h  e l e c t r o l y t e .  

A p h o t o m i c r o g r a p h i c  s t u d y  o f  t h e  e f f e c t  o f  b l e n d i n g  t e c h -  
n i q u e s  on c a t h o d e  mix p a r t i c l e  s i z e  was c a r r i e d  o u t .  Waring 
b l e n d e d  SAB had d r a s t i c a l l y  changed degree o f  a g g l o m e r a t i o n .  

c e l l s .  
S u r f a c t a n t s  m a r g i n a l l y  i n c r e a s e d  t h e  per formance  o f  aqueous  

B i n d e r s  such  as p o l y v i n y l  f o r m a l  and p o l y v i n y l p y r r o l i d o n e  
i n c r e a s e  t h e  mechan ica l  p r o p e r t i e s  of  machine-made ACL-85 
c a t h o d e s  b u t  r e d u c e  e l e c t r o c h e m i c a l  pe r fo rmance .  

A dynamic t e s t  of  a n  unop t imized  zinc-oxygen t a p e  c e l l  gave 
an  e n e r g y  d e n s i t y  o f  1 2 7  w a t t - h r / l b .  

A ma themat i ca l  a n a l y s i s  of  aqueous and non-aqueous c o n s t a n t  
v o l t a g e  d i s c h a r g e  c u r v e s  shows t h a t  t h e  c u r r e n t  v a r i e s  as ( t i rne) ' l j2  
The r e s u l t s  i n d i c a t e  a mass t r a n s p o r t  l i m i t a t i o n .  

1 



11. T A S K  I .  H I G H  E N E R G Y  COUPLE R E S E A R C H  

A. A O U E O U S  S Y S T E M S  

1. ACL-85@ C a t h o d e  R e s e a r c h  

a. G e n e r a l  

A c o n s i d e r a b l e  e f f o y t  was made e a r l y  i n  t h i s  q u a r t e r  t o  
s t a n d a r d i z e  t h e  v a r i a b l e s  i n  t h e  p r e p a r a t i o n  o f  t h e  ACL-85 
t a p e  c a t h o d e s  used  i n  s t a t i c  t e s t s .  A t t e n t i o n  was a l s o  devo ted  
t o  s t a n d a r d i z i n g  a l l  t e s t  v a r i a b l e s .  A s  a r e s u l t  o f  t h i s  pro-  
gram, t a p e  per formance  has  become much more r e p r o d u c i b l e .  A l l  
aqueous  da ta  a re  l i s t e d  i n  Tab le  A - 1 .  

The amount o f  e l e c t r o l y t e  used  was changed t h i s  q u a r t e r  
f rom a s p e c i f i c  volume- p e r  t a p e  t o  a volume p e r  gram o f  c a t h o d e .  
T h i s  volume i s  d i s t r i b u t e d  e q u a l l y  o v e r  t h e  t a p e  a t  15 p o i n t s .  
T h i s  p r o c e d u r e  r e q u i r e s  a c t i v a t i o n  times .of a p p r o x i m a t e l y  3 
m i n u t e s ,  and because  o f  t h e  i n c r e a s e d  we t - s t and ,  w e  d i s c h a r g e d  
most c e l l s  by p r e s e t t i n g  t h e  v o l t a g e  and c o n n e c t i n g  t h e  c e l l  t o  
a l l o w  d i s c h a r g e  t o  s t a r t  d u r i n g  t h e  a c t i v a t i o n  p r o c e s s .  A l l  
r u n s  t h i s  q u a r t e r  were a t  c o n s t a n t  v o l t a g e .  

b .  C a t h o d e  C a r b o n  C o m p o s i t i o n  

( 1 )  R e d u c t i o n  o f  C a r b o n  C o n t e n t  

An a t t e m p t  was made t o  d e c r e a s e  t h e  ca rbon  c o n t e n t  o f  t h e  
c a t h o d e  i n  o r d e r  t o  d e c r e a s e  t h e  e l e c t r o l y t e  volume n e c e s s a r y  
f o r  a c t i v a t i o n .  Tapes 90065-1,3 had r a t i o s  of  SAB t o  ACL-85 
of  0.49, 0 . 2 3 ,  and 0.15. The e f f i c i e n c y  o f  t h e  t a p e s  w i t h  a 
r a t i o  o f  0 . 4 9  was g r e a t e r  t h a n  t h a t  o f  t h e  t a p e s  w i t h  a r a t i o  
o f  0 . 2 3 ,  w h i l e  t h e  e n e r g y  d e n s i t y  was l o w e r .  With an SAB/ACL-85 
r a t i o  o f  0.15, b o t h  t h e  e f f i c i e n c i e s  and e n e r g y  d e n s i t i e s  
were r educed .  

The i n i t i a l  r e s u l t s  shown i n  T a b l e  1 i n d i c a t e  t h a t  changes  
i n  o p e r a t i n g  v o l t a g e  and e l e c t r o l y t e  volume do n o t  change 
s i g n i f i c a n t l y  t h e  ene rgy  d e n s i t i e s  o b t a i n e d  when 2 0 %  SAB was 
used .  The b e n e f i t  from t h e  g r e a t e r  weight  o f  a c t i v e  mater ia l  
i n  t h e  2 0 %  SAB c a t h o d e  a p p e a r s  t o  b e  o f f s e t  by t h e  somewhat 
l o w e r  c a t h o d e  e f f i c i e n c i e s .  However, 2 0  p e r  c e n t  SAB was used  
t h r o u g h o u t  most of t h i s  q u a r t e r ,  and improvements were made i n  
e f f i c i e n c y  a t  low e l e c t r o l y t e  volumes.  

2 
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( 2 )  E f f e c t  o f  A d d i t i o n  o f  G r a p h i t e  

With t h e  p r e s e n t  c a t h o d e  f o r m u l a t i o n  t h e  v o i d  volume i s  a b o u t  
7 1 %  (see n e x t  s e c t i o n  on ca thode  r e s i s t a n c e ) .  T h i s  e n t i r e  volume 
canno t  b e  f i l l e d  w i t h  e l e c t r o l y t e  i f  w e  are t o  o b t a i n  h i g h  e n e r g y  
d e n s i t i e s .  We a re ,  t h e r e f o r e ,  a t t e m p t i n g  t o  d e c r e a s e  t h i s  v o i d  
volume. One method would be  t o  u s e  a h i g h  d e n s i t y ,  hfgh con- 
d u c t i v i t y ,  m i c r o n i z e d  g r a p h i t e  i n  t h e  c a t h o d e  mix i n  p l a c e  o f  
p a r t  of t h e  SAB. 

Tapes were p r e p a r e d  r e p l a c i n g  2 5 ,  5 0 ,  and 1 0 0 %  o f  t h e  SAB 
w i t h  Micro-6 G r a p h i t e  (Asbury G r a p h i t e  Mi l l s ,  I n c . ) .  The d a t a  
are  shown i n  T a b l e  2 .  

The t h i c k n e s s  o f  these  t a p e s  d e c r e a s e d  o n l y  modera t e ly  w i t h  
i n c r e a s e d  g r a p h i t e  ( 1 4 %  f o r  a 1 0 0 %  r e p l a c e m e n t ) .  However, t h e  
c a t h o d e  r e s i s t a n c e  i n c r e a s e d  by a f a c t o r  o f  1 0 .  A p a r t i a l  
r ep lacemen t  o f  SAB w i t h  g r a p h i t e  i s  p o s s i b l e ,  however,  and i f  t h e  
e l e c t r o l y t e  i s  d e c r e a s e d  i n  p r o p o r t i o n  t o  t h e  v o i d  volume, t h e  
e n e r g y  d e n s i t y  i s  n o t  g r e a t l y  a f f e c t e d  ( n e i t h e r  i n c r e a s e d  n o r  
d e c r e a s e d ) .  F o r  t h e  c o n d i t i o n s  u s e d ,  t h e r e  a p p e a r s  t o  b e  no 
a d v a n t a g e  t o  a d d i n g  g r a p h i t e  t o  t h e  mix. 

F u t u r e  p l a n s  f o r  d e c r e a s i n g  v o i d  volumes i n c l u d e  s t u d i e s  
of c a t h o d e  f o r m a t i o n  p r e s s u r e  and t h e  u s e  o f  o t h e r  g r a p h i t i c  
c a r b o n s .  

c .  R e s i s t a n c e  o f  C a t h o d e s  

( 1 )  E l e c t r o n i c  R e s i s t a n c e  

A s  t h e  c a r b o n  b l a c k  p e r c e n t a g e  i s  d e c r e a s e d ,  t h e  e l e c t r o n i c  
c o n d u c t i v i t y  i n  t h e  c a t h o d e  d e c r e a s e s .  T h i s  e l e c t r o n i c  conduc- 
t i v i t y  i s  i m p o r t a n t  i n  t r a n s f e r r i n g  e l e c t r o n s  from t h e  s i t e  o f  
t h e  r e a c t i o n  t o  t h e  c o l l e c t o r  p l a t e .  

I n  a macroscopic  s e n s e ,  one can  measure t h e  e l e c t r o n i c  
c o n d u c t i v i t y  o f  t h e  c a t h o d e  and compare t h e  I R  loss due t o  t h i s  
c o n d u c t i o n  t h r o u g h  t h e  c a t h o d e ( s e p a r a t 0 r  t o  c o l l e c t o r )  t o  t h e  
o b s e r v e d  t o t a l  o v e r p o t e n t i a l .  T h i s  i s  done below. T h i s  method 
assumes  t h a t  t h e  c o n d u c t i v i t y  i s  homogeneous t h r o u g h o u t  t h e  
c a t h o d e .  A c t u a l l y ,  t h e  e l e c t r o n i c  c o n d u c t i v i t y  c o u l d  l i m i t  
t h e  d i s c h a r g e  i n  d i s c r e t e  p o c k e t s  o f  a nonuni form c a t h o d e .  
The change i n  c a t h o d e  c o n d u c t i v i t y  w i t h  a change i n  c a t h o d e  
c o m p o s i t i o n  i s  v a l u b l e  i n f o r m a t i o n  f o r  c o r r e l a t i n g  c e l l  
p e r f o r m a n c e .  

4 
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The c o n d u c t i v i t y  measured i n  t h i s  r e p o r t  was o b t a i n e d  f rom 
t h e  c i r c u i t  and a p p a r a t u s  shown i n  F i g u r e  1. The f o u r  p r o b e s  
are wires  imbedded i n  p o l y p r o p y l e n e .  The c i r c u i t  p l a t e  was 
p r e s s e d  on t h e  unwet ted  c a t h o d e ,  and t h e  c u r r e n t  and v o l t a g e  
were d e t e r m i n e d .  The t h i c k n e s s  and c o n d u c t i v i t y  data are g i v e n  
i n  T a b l e  A - 1  (Tapes 90075-90088). 

Us ing  the  v a l u e s  50 ohms and 4 0  m i l  (Tape 90077) ,  a con- 
d u c t i v i t y  v a l u e  o f  0.20 ohm-’ cm-’ i s  o b t a i n e d  f o r  t h e  e l e c t r o n i c  
m a t r i x .  The r e s i s t a n c e  from t h e  s e p a r a t o r  s i d e  t o  c o l l e c t o r  s i d e  
i s  0 . 0 2 7  ohm, A t  2 . 0  amperes t h i s  c o r r e s p o n d s  t o  a 54 mv I R  
l o s s ,  which i s  a p p r o x i m a t e l y  5% of  t h e  t o t a l  o v e r p o t e n t i a l .  
Two amperes  i s  a r e l a t i v e l y  h i g h  c u r r e n t  i n  our sys t em and a t  
lower  c u r r e n t s  t h e  v o l t a g e  i s  even l e s s  i n f l u e n c e d  by  t h e  b u l k  
e l e  c t  r o n i c  r e s i s t i v i t y  . 

I n  s c a n n i n g  t h e  c o n d u c t i v i t i e s  o b t a i n e d  w i t h  o t h e r  t a p e s  
( T a b l e  A - 1 )  i t  i s  a p p a r e n t  t h a t  CDB-85 tapes  have lower  
e l e c t r o n i c s  c o n d u c t i v i t i e s .  T h i s  i s  presumably  due  to t h e  
small p a r t i c l e  s i z e  o f  t h e  CDB-85, whch r e s u l t s  i n  a lower  
p a c k i n g  d e n s i t y  o f  t h e  ca thode .  The tapes  p repa red  w i t h  
Micro-6 g r a p h i t e  a l s o  had d e f i n i t e l y  lower  c o n d u c t i v i t y  t h a n  
t h o s e  made w i t h  SAB. 

(2) Electrolytic Resistance 

I n  o r d e r  t o  d i s c h a r g e  t h e  ACL-85 a t  t h e  c o l l e c t o r  p l a t e ,  
t h e  c u r r e n t  p a t h  must b e  e n t i r e l y  t h r o u g h  t h e  e l e c t r o l y t e  phase.  
T h i s  e l e c t r o l y t i c  r e s i s t a n c e  can  b e  c a l c u l a t e d  and compared t o  
t h e  e l e c t r o n i c  r e s i s t a n c e .  The I R  l o s s  due t o  e l e c t r o l y t e  
r e s i s t a n c e  can  be c a l c u l a t e d  and compared t o  t h e  t o t a l  ove r -  
p o t e n t i a l .  A s  w i t h  e l e c t r o n i c  c o n d u c t i v i t y ,  however,  t h e  
l i m i t i n g  e f f e c t  may be  h igh  r e s i s t a n c e  p o c k e t s  i n  t h e  c a t h o d e  
r a t h e r  t h a n  a h i g h  a v e r a g e  r e s i s t a n c e .  

Again t a k i n g  t h e  da t a  from Tape 90077, t h e  v o i d  volume can  
b e  c a l c u l a t e d  as shown i n  Table  3. The p e r  c e n t  v o i d  volume 
i n  t h e  c a t h o d e  i s  71% and i n  t h e  s e p a r a t o r  i t  i s  a p p r o x i m a t e l y  
t h e  same. The c o n d u c t i v i t y  o f  2M MgBr2 i s  0.156 ohm-l cm-’. 
Using an  e q u a t i o n  f o r  c o n d u c t i v i t y  and assuming t h e  v o i d s  a r e  
f i l l e d ,  one o b t a i n s  0.093 ohm-’ cm-l f o r  t h e  e l e c t r o l y t i c  
r e s i s t a n c e  o f  t h e  c a t h o d e  ( T a b l e  4). The t o t a l  volume o f  t h e  
c a t h o d e  and s e p a r a t o r  i s  2.22 cmS. 
was u s e d ,  t h i s  g i v e s  a 61% f i l l e d  volume. Hence, a l l  t h e  v o i d s  
( 7 1 % )  are  n o t  f i l l e d .  Using t h e  same f o r m u l a ,  w i t h  6 1 %  v o i d  
f i l l e d ,  one o b t a i n s  0 . 0 7 4  ohm-’ cm-’. T h i s  g i v e s  a r e s i s t a n c e  
o f  0 . 0 8 0  ohm, f o r  t h e  e l e c t r o l y t i c  r e s i s t a n c e  from anode t o  
c o l l e c t o r  p l a t e .  

S i n c e  1.35 cm3 o f  e l e c t r o l y t e  
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i 
T a b l e  3 

CATHODE V O I D  VOLUME CALCULATION ( T a p e  9 0 0 7 7 )  

M a t e r i a l  W e i g h t ,  g D e n s i t y ,  g / c m 3  V o l u m e ,  cm3 Meas.  V o l u m e ,  cm3 

ACL-85 0 . 9 2  2 . 0 2  0 . 4 5  
SA0 0 . 1 8  1 . 9 8  0 .09  

T o t a l  C a t h o d e  1 . 1 4  0 . 5 7  1 . 9 7  

P a p e r  P u l p  0 . 0 4  1 . 4  0 .03  

S e p a r a t o r  0 . 0 8  1 . 1  0 . 0 7 3  0 . 2 7  

P e r c e n t  C a t h o d e  V o i d  V o l u m e  ( 1 0 0 % ) ( 1 . 9 7 - 0 . 5 7 )  = 7 1 x  
1 . 9 7  

T a b l e  4 

CATHODE ELECTROLYTIC RESISTANCE 
( T a p e  9 0 0 7 7 )  

1 . 5  
K = K' ( 1 - f )  

K = 0 . 1 5 6  x ( 0 . 7 1 )  1 . 5  

K = 0 . 0 9 3  ohm'l c m - l  

K = c a t h o d e  e l e c t r o l y t i c  r e s i s t a n c e  

K '  = c o n d u c t i v i t y  o f  e l e c t r o l y t e  

f = v o l u m e  f r a c t i o n  o f  d i s p e r s e d  p h a s e  

a 



A t  a c u r r e n t  of 2 . 0  amperes ,  t h i s  r e s i s t a n c e  c o r r e s p o n d s  t o  

Thus,  t h e  c a l c u l a t e d  e l e c t r o n i c  ( 5 % )  and e l e c t r o l y t i c  ( 1 6 % )  

a O.16-volt  I R  loss, which i s  abou t  1 6 %  o f  t h e  o v e r p o t e n t i a l .  

r e s i s t a n c e s  o f  t h e  c a t h o d e  mix do n o t  a c c o u n t  f o r  
t h e  obse rved  o v e r p o t e n t  i a l .  

d.  C a t h o d e  B l e n d i n g  M e t h o d s  

Cathode mix b l e n d i n g  methods were found t o  have  a l a r g e r  
i n f l u e n c e  on ca thode  performance t h a n  e x p e c t e d .  Meta l - to-  
ACL-85 c o n t a c t  was found t o  have a d e t r i m e n t a l  e f f e c t .  When t h e  
d r y  i n g r e d i e n t s  (ACL-85?SAB) were b l ended  i n  a Waring Blendor  
f o r  2 m i n u t e s ,  t h e  a c t i v e  c h l o r i n e  a n a l y s i s  a f t e r  b l e n d i n g  
showed a 3% l o s s .  T h i s  i s  a small loss. However, more s i g n i f i -  
c a n t  was t h e  f a c t  that  some ca thode  mater ia l ,  which had s t u c k  
t o  t h e  b l e n d e r  b l ades ,  and a 48% l o s s  o f  a c t i v e  c h l o r i n e .  While 
t h e  f i n a l  t apes  had o n l y  a 6 %  loss i n  a c t i v e  c h l o r i n e ,  t h e  
d i s c h a r g e  was p o o r  (Tab le  5 ,  90033) .  It i s  p o s s i b l e  t h a t  t h e  
poor  pe r fo rmance  was due t o  t h e  m e t a l - c a t a l y z e d  p r o d u c t i o n  o f  
c h l o r i n e  from ACL-85. C h l o r i n e  i s  known t o  i n h i b i t  c a t h o d e  
pe r fo rmance  ( Q u a r t e r l y  Report  No. 3 ) .  The n e x t  t apes  were 
blended o n l y  45 seconds  i n  t h e  Waring B l e n d o r ,  and t h e  d i s -  
c h a r g e s  were s i g n i f i c a n t l y  b e t t e r  (Tape 90037) .  The n e x t  b a t c h  
(Tape 90039)  was b lended  f o r  90 seconds  i n  t h e  Waring Blendor  
and t h e  r e s u l t s  were i n t e r m e d i a t e .  

The r e s u l t s  of no d r y  b l e n d i n g  b e f o r e  t r i c h l o r o e t h y l e n e  
mix ing  are  shown i n  T a b l e  5 (90044-90051) .  T h i s  p r o c e d u r e  
appears t o  g i v e  improved per formance .  Hence, s l u r r y  mix ing  
was used  as t h e  s t a n d a r d  f o r  most o f  t h e  t apes  t h i s  q u a r t e r .  

mix ing  t i m e  was decreased b y  h a l f ,  t o  1 . 5  m i n u t e s .  T h i s  
had v e r y  l i t t l e  e f f e c t  on t h e  per formance  o f  t h e  t a p e .  For 
t h e s e  r e a s o n s ,  we c u r r e n t l y  g i v e  t h e  d r y  i n g r e d i e n t s  a p r e -  
l i m i n a r y  b l e n d i n g  w i t h  a Tef lon  s p a t u l a  i n  a g l a s s  b e a k e r  
b e f o r e  s t i r r i n g  t h e  s l u r r y  m e c h a n i c a l l y  (g l a s s  a p p a r a t u s )  f o r  
1 . 5  m i n u t e s .  

I n  o t h e r  e x p e r i m e n t s  (Tapes 90061 and 90064) ,  t h e  s l u r r y  

e. A P h o t o m i c r o g r a p h i c  S t u d y  o f  C a t h o d e  M i x e s  

The impor t ance  of  mixing v a r i a b l e s  was shown b y  t h e  e f f e c t  
o f  mix ing  p r o c e d u r e s  on pe r fo rmance ,  and a g a i n  by  t h e  i v s  t-lI2 
r e l a t i o n s h i p .  A mass t r a n s p o r t  l i m i t a t i o n  i s  s u g g e s t e d  by  t hese  
da ta .  A s e r i e s  of  photomicrographs  was o b t a i n e d  on t h e  s t a r t i n g  
ma te r i a l s ,  mixes ,  and on new and used  t a p e s .  It was hoped t h a t  
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, 
a c o r r e l a t i o n  between t h e  mixing v a r i a b l e s  and per formance  would 
b e  found,  and t h e  mix improved.  Some o f  t h e  pho tomic rographs  a re  
shown i n  F i g u r e s  2-6. A t r a n s m i s s i o n  microscopy t e c h n i q u e  u s i n g  
p o l a r i z e d  l i g h t  was a l s o  u s e d .  It d i f f e r e n t i a t e s  c r y s t a l l i n e  and 
n o n c r y s t a l l i n e  phases. A Bausch and Lomb 286176 P e t r o g r a p h i c  
microscope  w i t h  c r o s s e d  N i c o l  a t t a c h m e n t  was used  i n  t h i s  s t u d y .  
The c r y s t a l l i n e  p h a s e s  (ACL-85 and ACL-70,paper p u l p ,  and e l e c -  
t r o l y t e  s a l t  c r y s t a l s )  a r e  b r i g h t  areas i n  t h e  c r o s s e d  Nico l  
p i c t u r e s .  The m a g n i f i c a t i o n  i n  a l l  p i c t u r e s  i s  a p p r o x i m a t e l y  
go x. 

F i g u r e  2 shows t h e  e f f e c t  o f  Waring b l e n d i n g  on Shawinigan 
a c e t y l e n e  b l a c k  ( S A B ) .  Waring b l e n d i n g  d e s t r o y s  t h e  p r i m a r y  
agg lo rnora t e s .  However, c o n s i d e r a b l e  s t r u c t u r e  r e m a i n s ,  and t h e  
b u l k  d e n s i t y ,  a c t u a l l y  d e c r e a s e s  a f t e r  b l e n d i n g  f o r  f i v e  m i n u t e s .  

F i g u r e  3 shows t h e  p a r t i c l e  s i z e  o f  ACL-70 and ACL-85 
samples.  The d i s t r i b u t i o n  i n  ACL-70 r u n s  from < 5 t o  70 m i c r o n s .  
Mechanica l  g r i n d i n g  does  n o t  appear t o  i n f l u e n c e  t h e  la rger  par- 
t i c l e s .  ACL-85 p a r t i c l e s  on t h e  a v e r a g e  a re  l a rge r :  1 0  t o  1 0 0  
m i c r o n s .  

F i g u r e  4 shows t h e  f i b r o u s  f i l l e r  mater ia ls  used  i n  o u r  
c e l l s ,  The p a p e r  p u l p  i s  p r e p a r e d  by Waring b l e n d i n g  Whatman 
f i l t e r  pape r .  I n  p o l a r i z e d  l i g h t  ( F i g .  4 c ) ,  t h e  pape r  p u l p  i s  
s e e n  t o  be c r y s t a l l i n e .  

The pho tomic rographs  i n  F i g u r e  5 show ACL-70 c a t h o d e  mixes 
as a f u n c t i o n  o f  v a r i o u s  b l e n d i n g  t e c h n i q u e s .  The m o r t a r  and 
p e s t l e  mix r a n  v e r y  p o o r l y  ( C e l l  90867)  i n  a non-aqueous t e s t .  

F i g u r e  6 shows an  ACL-85 c a t h o d e  mix from t h e  P a t e r s o n -  
K e l l y  b l e n d e r .  The a g g l o m e r a t e s  a r e  much larger  t h a n  t h o s e  
p roduced  by o t h e r  b l e n d i n g  methods.  

Many a d d i t i o n a l  pho tographs  o f  t ape  c a t h o d e s  b e f o r e  and 
a f t e r  d i s c h a r g e  were t a k e n .  Too l i t t l e  d e f i n i t i o n  e x i s t s  i n  t h e  
s p e n t  c a t h o d e s  t o  a l l o w  compar isons  t o  b e  made. 

f .  T h e  E f f e c t  o f  S u r f a c t a n t s  on Cel l  P e r f o r m a n c e  

It was shown i n  t h e  p r e v i o u s  d i s c u s s i o n  o f  c a t h o d e  v o i d  
volume t h a t  a l l  t h e  v o i d s  a r e  n o t  f i l l e d  w i t h  e l e c t r o l y t e  a t  
optimum o p e r a t i n g  c o n d i t i o n s .  It was r e a s o n a b l e ,  t h e r e f o r e ,  
t o  c a r r y  o u t  a s t u d y  o f  t h e  e f f e c t s  o f  s u r f a c t a n t s  i n  improving  
t h e  e l e c t r o l y t e  d i s t r i b u t i o n  i n  t h e  c a t h o d e  mixes .  I f  improve- 
ment c o u l d  be accompl i shed ,  l e s s  e l e c t r o l y t e  might  be  needed and 
e n e r g y  d e n s i t i e s  would be improved.  
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2a 
M a g n i f i c a t i o n  C a l i b r a t i o n  

( L i n e  s p a c i n g  0.01 m m )  

2 b  
S A B  a s  r e c e i v e d  

2 C  
1 m i n ,  b l e n d i n g  

F i g u r e  2 .  The E f f e c t  

2 d  
5 min.  b l e n d i n g  

o f  W a r i n g  Blending  on 
Shawinigan A c e t y l e n e  Black ( S A B )  
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3 a  
ACL-70 a s  r e c e i v e d  

3b 
3 a  wi th  p o l a r i z e d  l i g h t  

3c 
ACL-70 a f t e r  m o r t a r  a n d  

p e s t l e  

3d 
ACL-85 a s  r e c e i v e d  

F i g u r e  3 .  P a r t i c l e  S i z e  of ACL-70 a n d  ACL-85 



4 a  
C a r b o n  Fibers-Thompson Fiber  Co. 

4 b  
Paper P u l p  

4 c  
4 b  w i t h  po l a r i zed  l i g h t  

Figure 4 .  Fiberous F i l l e r  P la te r ia l s  
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5a  
C a t h o d e  m i x  g r o u n d  w i t h  

m o r t a r  a n d  p e s t l e  

5 c  
C a t h o d e  m i x  W a r i n g  

b l e n d e d  

5 b  
5 a  w i t h  p o l a r i z e d  l i g h t  

5d  
5 c  w i t h  p o l a r i z e d  l i g h t  

5e  
S A B  a n d  c a r b o n  f i b e r s  W a r i n g  
b l e n d e d  1 m i n ;  ACL-70 m e c h a n -  
i c a l l y  s t i r r e d  i n t o  c a r b o n  

5 f  
5e  w i t h  p o l a r i z e d  l i g h t  

F i g u r e  5. C a t h o d e  M i x e s  ( A C L - 7 0 ,  S h a w i n g a n  A c e t y l e n e  B l a b k  a n d  
C a r b o n  F i b e r s )  P r e p a r e d  b y  V a r i o u s  B l e n d i n g  T e c h n i q u e s  



( 9 )  
T r  i c h 1 o r o e  t h y l  e n e  s 1 u.r r y  
a f t e r  m e c h a n i c a l  s t i r r i n g  

( h )  
g w i t h  p o l a r i z e d  l i g h t  

( i >  
C a t h o d e  m i x  f r o m  P a t t e r s o n - K e l l y  b l e n d e r  

F i g u r e  6 .  ACL-85 C a t h o d e  M i x e s  P r e p a r e d  
b y  D i f f e r e n t  B l e n d i n g  T e c h n i q u e s ,  
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Wet t ing  of  a c e t y l e n e  b l a c k  was at tempted by  a d d i n g  a p o l a r  
o r g a n i c  l i q u i d  w i t h  t h e  water. The a d d i t i o n  o f  a c e t o n e  was t e s t e d  
t o  improve ca rbon  wet -out .  
90077-2 and 90088 shows no improvement due t o  a c e t o n e  ( T a b l e  6 ) .  

Any s u r f a c t a n t  t h a t  d e c r e a s e s  t h e  s u r f a c e  t e n s i o n  o f  water 
i s  a c a n d i d a t e  f o r  i n c r e a s e d  u t i l i z a t i o n  o f  e l e c t r o l y t e .  Three 
commercial  s u r f a c t a n t s  were t e s t e d .  These were DDBSA-94 
( d o d e c y l b e n z e n e s u l f o n i c  acid-Monsanto Co.)  T r i t o n  X-100 ( A l k y l L  
phenoxypolyethoxyethanol-Rohm & Haas) and Zonyl A ( n o n i o n i c  t y p e  - 
d u P o n t ) .  An improvement i n  t h e  u s e  o f  n o n i o n i c  s u r f a c t a n t s  i s  
e v i d e n t  ( T a b l e  6 ) .  Fu r the rmore ,  lower  e l e c t r o l y t e  volumes may 
b e  u s e d ,  

An a n a l y s i s  o f  t apes  90073, 90075, 

2. M g / A C L - 8 5  Energy D e n s i t i e s  

I n i t i a l  c u r r e n t s  a t  a c o n s t a n t  2 . 0  v o l t s  i n  t h i s  s y s t e m  
approach  1 . 5  amperes ( 0 . 5  a m p / i n 2 ) .  The c u r r e n t  decays  w i t h  
t i m e  as shown i n  F i g u r e  7 .  

Four  h o u r s  d i s c h a r g e  t ime  are needed  t o  o b t a i n  t h e  maximum 
e n e r g y  d e n s i t y  ( 1 2 6  w a t t - h r / l b )  f rom t h e  c e l l .  However, 6 0 %  o f  
t h e  t o t a l  ( 8 0  w a t t - h r / l b )  was o b t a i n e d  a f t e r  30 m i n u t e s ,  and 80% 
( 1 0 0  w a t t - h r / l b )  a f t e r  a 1-hr d i s c h a r g e  p e r i o d .  

Energy d e n s i t y  data a s  a f u n c t i o n  o f  t i m e  are g i v e n  f o r  
a l m o s t  a l l  t h e  c e l l s  l i s t e d  i n  T a b l e  A - 1 .  Data on s e v e r a l  o f  o u r  
b e s t  aqueous c e l l s  are g i v e n  i n  T a b l e  7 .  

3 .  A n a l y s i s  o f  Cons tan t  Voltage Di scha rge  Curves 

I n  q u a r t e r l y  Report  No. 4, t h e  r e a s o n s  f o r  t h e  change t o  a 
c o n s t a n t  v o l t a g e  d i s c h a r g e  were p r e s e n t e d ,  as was a ma themat i ca l  
development  which p r e d i c t e d  a l o g a r i t h m i c  c u r r e n t  decay  w i t h  
t ime.  However, when d i s c h a r g e  c u r v e s  were p l o t t e d  as l o g  i v s  
t ime ,  t h e  b l o t s  were n o t  l i n e a r  as t h e  ma themat i ca l  model p re -  
d i c t e d .  
i f  t h e  a c b i v i t y  o f  t h e  e l e c t r o d e  v a r i e d  w i t h  t h e  amount o f  
ACL-85 compound r ema in ing ;  t h i s  would i n c l u d e  mater ia l  n o t  
d i s s o l v e d .  I f ,  however,  t h e  a c t i v i t y  i s  a f u n c t i o n  o f  d i s s o l v e d  
ACL-85, t h e  r e l a t i o n s h i p  might be s imi l a r  t o  t h e  e q u a t i o n  l* 

The l o g a r i t h m i c  r e l a t i o n s h i p  would b e  e x p e c t e d  t o  h o l d  

Delahay ,  P .  " N e w  I n s t r u m e n t a l  Methods i n  E l e c t r o c h e m i s t r y " ,  
p *  - 51 ,  I n t e r s c i e n c e  N . Y .  ( 1 9 5 4 ) .  
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T a b l e  6 

EFFECT OF SURFACTANTS ON M g / M g B r 2 / A C L - 8 5  D I S C H A R G E  

A v e r a g e  
C o u l o m b i c  A v e r a g e  E n e r g y  D e n s i t y  
E f f i c i e n c y  a f t e r  50 m i n .  

S u r f a c t a n t  No. o f  T e s t s  ( % I  ( W a t t - h r / l  b )  

1 . 2 0  ml/g 

None 

A c e t o n e  

Z o n y l  - A  
DDBSA-94 

51 . O  

5 0 . 9  
4 9 . 0  

5 9 . 0  

8 0 . 3  

8 1 . 9  
7 9 . 0  

9 4 . 0  

1 . 1 0  m l / g  

T r i t o n  x - 1 0 0  3 5 3 . 7  9 1 . 3  

T a b l e  7 

C e l l  

9 0 0 7 3 - 5  
9 0 0 7 5 - 6  

9 0 0 7 7 - 2 - 1 2  

9 0 0 7 7 - 2 - 8  
9 0 0 8 8 - 1  

Mg /MgBr2 /ACL-85  E N E R G Y  D E N S I T I E S  
( 4  h r  r u n s  a t  20  v o l t s )  

C a t h o d e  E f f i c i e n c y  E n e r g y  D e n s i t y  
( % I  ( w a t t - h r / l  b )  

8 2  

71  
77  
7 6  
69  

1 1 5  
1 1 7  

1 1 8  
1 2 6  

1 1 6  
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I .  

1 . 6  

0 C u r r e n t  

[3 E n e r g y  D e n s i t y  

1 . 4  

1 . 2  

1 . o  
0. 
F: 

+ 
C.8 

L 
L 
3 
0 

0 . 6  

0 . 4  

0 . 2  

0 

T i m e ,  p i n  
F i g u r e  7 .  M g / M g B r 2 / A C L - 8 5  C e l l  C u r r e n t  a n d  E n e r q y  O e n s i t v  a s  a 

F u n c t i o n  o f  D i s c h a r g e  T i m e  ( C e l l  9 0 0 7 7 - 8 )  



where n = no.  of e l e c t r o n s ,  F = Faraday  c o n s t a n t  , A = t ape  area,  
D = d i f f u s i o n  c o e f f i c i e n t  f o r  ACL-85, C o  = c o n c e n t r a t i o n s  o f  
d i s s o l v e d  ACL-85, and t = time. The f a c t  t h a t  t h i s  c u r r e n t - t i m e  
dependence i s  fo l lowed  i s  shown i n  F i g u r e  8 .  
i s  o n l y  p o s s i b l e  when t h e  tape  i s  d i s c h a r g e d  a f t e r  a c t i v a t i o n  so 
t h a t  t = 0 i s  a w e l l  d e f i n e d  p o i n t .  
t h a t  t h e  l i m i t a t i o n  i s  d i f f u s i o n  o f  s o l u b l e  ACL-85 t o  t h e  a c t i v e  
ca rbon  s u r f a c e .  The d e r i v a t i o n  assumes an i n f i n i t e  s o l u t i o n  
l a y e r  and an  i n v a r i a n t  ACL-85 c o n c e n t r a t i o n  i n  t h e  b u l k  o f  t h e  
s o l u t i o n .  
i n  o u r  c a s e .  E q u a t i o n s  have been  d e r i v e d  f o r  f i n i t e  s o l u t i o n  

However, t hese  e q u a t i o n s  i n v o l v e  t o o  many parameters f o r  t h e  
a n a l y s i s  of  o u r  p r e s e n t  sys tem.  The p r e s e n t  a n a l y s i s  shows a 
s u f f i c i e n t  i v s  t - 1 1 2  dependence t o  s u g g e s t  s o l u t i o n  concen- 
t r a t i o n  c o n t r o l ,  and t o  s u g g e s t  t h a t  i n c r e a s i n g  t h e  s o l u b i l i t y  
( C " )  or t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  would b e  b e n e f i c i a l .  
T h i s  i n d i c a t e s  t h a t  c e l l  improvement c a n  be  e x p e c t e d  from 
improvement o f  p r o c e s s  (mix ing )  v a r i a b l e s  which d e c r e a s e  t h e  
d i f f u s i o n  l i m i t .  The i n t e r c e p t  o f  t h e  i vs  t-l12 s h o u l d  i n d i c a t e  
t h e  e n t i r e  amount o f  mater ia l  a v a i l a b l e  (as J i d t  = n F Q ) .  
e q u a t i o n  1 t h e  i n t e r c e p t  i s  z e r o ,  i n d i c a t i n g  a r e l a t i v e l y  
i n f i n i t e  s u p p l y  o f  m a t e r i a l .  

T h i s  t y p e  o f  p l o t  

The above e q u a t i o n  assumes 

T h i s  c o n c e n t r a t i o n  would be t h e  s o l u b i l i t y  o f  ACL-85 

t h i c k n e s s e s  and f o r  p a r t i a l  a c t i v a t i o n  c o n t r o l  ( v o l t a g e  c o n t r o l ) .  * 

I n  

It i s  a l s o  p o s s i b l e  t h a t  t h e  i v s  t-l12 dependence i s  due 
t o  some o t h e r  l i m i t i n g  mass t r a n s p o r t  phenomenon, s u c h  as e l e c t r o -  
l y t e  r e s i s t a n c e .  
p r o p e r t y  such  as c o n d u c t i v i t y ,  or ACL-70 s o l u b i l i z a t i o n ,  t h e n  t h i s  
p rob lem can  b e  r e s o l v e d .  A t  p r e s e n t ,  t h i s  da ta  i s  n o t  a v a i l a b l e .  
However, a mass t r a n s p o r t  l i m i t a t i o n  i s  d e f i n i t e l y  i n d i c a t e d  b y  
t h e  i vs  t-'12 r e l a t i o n ,  and mixing  and p a c k i n g  v a r i a b l e s  a r e  
t h e r e f o r e  e x p e c t e d  t o  b e  i m p o r t a n t .  

If t h e  s l o p e  can  b e  c o r r e l a t e d  w i t h  an  e l e c t r o l y t e  

B .  N O N - A Q U E O U S  S Y S T E M S  

1. Genera l  

T h i s  q u a r t e r ,  t h e  non-aqueous e x p e r i m e n t s  were c o n v e r t e d  
f rom c o n s t a n t  c u r r e n t  t o  t h e  c o n s t a n t  v o l t a g e  d i scha rge  method. 
The r e s u l t s  of  t h e s e  t e s t s  a r e  shown i n  T a b l e  A - 2 .  
c e d u r a l  change makes t h e  aqueous and non-aqueous d i s c h a r g e  
methods t h e  same, and more c l o s e l y  s i m u l a t e s  t h e  dynamic d r y  
t ape  d i s c h a r g e  s y s t e m .  

T h i s  p ro -  

* Bowers, R .  C . ,  Wi lson ,  A .  M .  J .  Am. Chem. SOC.  8 1 ,  1840 ( 1 9 5 9 )  - 
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2. L i t h i u m  Anode R e s e a r c h  

The s t a n d a r d  anode i n  t h e  non-aqueous program has been  15- 
m i l  l i t h i u m  r i b b o n  packed under  a r g o n .  

S e v e r a l  e t c h  s o l u t i o n s  were t r i e d  on t h i s  15-mil  s t r i p  
l i t h i u m .  O f  t h e s e ,  t h e  b e s t  was a 1% H C 1  i n  DMF s o l u t i o n  ( C e l l s  
90840, 4 2 ,  44-51).  T h i s  s o l u t i o n  caused  modera te  g a s s i n g  and 
a da rkened  l i t h i u m  s u r f a c e .  No obv ious  f i l m  was formed.  The 
da rkened  s u r f a c e  may be i n d i c a t i v e  o f  a h i g h e r  s u r f a c e  area. 
The c e l l  d i s c h a r g e s  u s i n g  t h i s  l i t h i u m  ( C e l l  90840 and 90847) 
were s imi la r  t o  t h o s e  w i t h  t h e  une tched  l i t h i u m  ( C e l l  9 0 8 4 3 ) ,  
v e r s u s  an  ACL-70 c a t h o d e .  

Mechanica l  c l e a n i n g  w i t h  a wire  b r u s h  u s i n g  a Dremel t o o l  
gave a s h i n y  s u r f a c e  t o  t h e  s t r i p  l i t h i u m .  However, i t  i s  
d i f f i c u l t  t o  a v o i d  gouging  t h e  l i t h i u m .  The d i s c h a r g e  u s i n g  
t h i s  l i t h i u m  was s l i g h t l y  i n f e r i o r  t o  t h a t  of  t h e  unworked s t r i p  
( C e l l  90839 v s  90843) .  T h i s  t e c h n i q u e  was t r i e d  o n l y  once .  

A l i t h i u m  d i s p e r s i o n  anode was p r e p a r e d  on a n i c k e l  s c r e e n  
( i n c l u d i n g  1 0 %  n i c k e l  powder)*.  The metals were mixed i n  a 
hexane  s l u r r y  and t h e  s l u r r y  was r o l l e d  i n t o  t h e  s c r e e n .  The 
hexane was t h e n  removed unde r  vacuum. The anode was t e s t e d  
v e r s u s  a CuF2 c a t h o d e .  An open c i r c u i t  v o l t a g e  o f  1 . 0  v o l t  was 
o b t a i n e d  f rom t h i s  c e l l  and no c u r r e n t  c o u l d  be  drawn. 

I n  g e n e r a l ,  a h igh  s u r f a c e  area anode i s  n o t  needed  i n  
m e t h y l  f o r m a t e  c e l l s ,  and e l e c t r o l y t e  r e t e n t i o n  i s  presumably 
a d e t r i m e n t a l  f a c t o r .  A t  p r e s e n t  w e  p l a n  no f u r t h e r  e x p e r i -  
ments  w i t h  p o r o u s  l i t h i u m  anodes .  

3.  ACL-70 C a t h o d e  R e s e a r c h  

a .  G e n e r a l  

The la rges t  e f f o r t  i n  t h i s  program has been p l a c e d  on ACL-70 
c a t h o d e s  b e c a u s e  of t h e  r e s u l t s  o f  e a r l y  t e s t s ,  and b e c a u s e  t h i s  
s y s t e m  has been  c a p a b l e  o f  f u r t h e r  improvement.  These improve- 
ments  have been  m o s t l y  i n  mixing ,  p a c k i n g ,  and g e n e r a l l y  improved 
e l e c t r o l y t e  u t i l i z a t i o n .  I t  i s  hoped t h a t  by  o p t i m i z i n g  t h e  
Li/ACL-70 sys t em,  w e  w i l l  a l so  improve t h e  g e n e r a l  L i / L i C l O b ( M F )  
non-aqueous s y s t e m .  

* A .  L y a l l ,  H .  N .  S e i g e r ,  R .  C .  S h a i r ,  "L i th ium N i c k e l  Hal ide  
Secondary  B a t t e r y  I n v e s t i g a t i o n " ,  AFAPL-TR-65-128, March 1 9 6 6 .  
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L ~ / L ~ C ~ O L + ( M F ) / A C L - ~ O  c e l l s  were found t o  r u n  most e f f i c i e n t l y  
i n  t h e  3.0-3.2 v o l t  r a n g e .  V o l t a g e s  were a p p l i e d  a f t e r  t h e  c e l l  
was a c t i v a t e d  and assembled. I n i t i a l  c u r r e n t s  seldom exceeded  
0 . 2  amp/ in .2  d u e ,  p re sumab ly ,  t o  t h e  e l e c t r o l y t e  r e s i s t a n c e .  
C u r r e n t  decays  were s l o w e r  t h a n  i n  t h e  aqueous  c e l l ,  however.  

Water and a c e t o n e  were c o n s i d e r e d  t o  b e  p o s s i b l e  b e n e f i c i a l  
c o n t a m i n a n t s  i n  t h e  1 4 4  w a t t - h r / l b  c e l l  r e p o r t e d  ( Q u a r t e r l y  Repor t  
No. 4 ) .  Hence, t h e s e  m a t e r i a l s  were added i n  small q u a n t i t i e s  
t o  s e v e r a l  non-aqueous r u n s .  A d d i t i o n  o f  a c e t o n e  i n c r e a s e d , t h e  
i n i t i a l  c u r r e n t ,  b u t  d i d  n o t  s i g n i f i c a n t l y  improve o v e r a l l  t ape  
per formance  (Ce l l s  90822-3 compared t o  C e l l  90819) .  T h i s  i n i t i a l  
c u r r e n t  i n c r e a s e  w i t h  a c e t o n e  i s  presumably n o t  a f u n c t i o n  o f  
c o n d u c t i v i t y  a l t h o u g h  e l e c t r o l y t e  c o n d u c t i v i t y  w i t h  a c e t o n e  i s  
1 . 3 3  x ohm-l cm-1 v s .  1 . 2 2  x ohm'l cm-l f o r  no a c e t o n e .  
The improvement i n  c e l l  per formance  may be due  t o  improved 
c a t h o d e  wet -out .  The e f f e c t  o f  1% water was n e g l i g i b l e  ( C e l l  
90821 vs  90819) .  

b .  The E f f e c t  o f  Carbon Type 

Of a l l  t h e  ca rbon  b l a c k s  t e s t e d  on t h i s  program, Shawinigan 
a c e t y l e n e  b3ack (SAB)  has proven  b e s t .  There are  s e v e r a l  SAB 
t y p e s ,  however,  and some o f  these  were g i v e n  a d d i t i o n a l  t e s t i n g .  

For normal  p a c k a g i n g ,  S A B  i s  compressed by 50 or 1 0 0 % .  The 
50 p e r  c e n t  compressed m a t e r i a l  has been used  i n  o u r  s t a n d a r d  
c a t h o d e  mixes .  A sample of uncompressed SAB was t e s t e d  ( 9 0 8 7 7 ) .  
The b u l k  d e n s i t y  of  t h i s  m a t e r i a l  i s  v e r y  low and more e l e c t r o l y t e  
t h a n  u s u a l  was r e q u i r e d  t o  make t h e  c e l l  r u n .  The c e l l  r a n  p o o r l y  
compared t o  t h o s e  p r e p a r e d  w i t h  50  p e r  c e n t  compressed SAB. 

Another  t y p e  o f  ca rbon  ( N L )  was t e s t e d  b e c a u s e  o f  i t s  r e p o r t e d  
h i g h  a b s o r p t i v e  p r o p e r t i e s .  The da ta  f rom t h i s  t e s t  were s imi l a r  
t o  t h e  s t a n d a r d  t ape  d i s c h a r g e  ( C e l l  90879, v s  90875) .  

c .  S e p a r a t o r  Research 

Th ickness  

S e p a r a t o r  mater ia ls  are a problem s i n c e  t h e  s t a n d a r d  3-mil 
p o l y p r o p y l e n e  s e p a r a t o r  i s  po rous ,  and ,  i f  t h e  c a t h o d e  i s  t o o  
wet ,  t h e  c e l l  appears t o  s h o r t  due t o  ca rbon  s a t u r a t i n g  t h e  
s e p a r a t o r .  A l s o ,  i t  has b e e n  d i f f i c u l t  t o  a v o i d  s h o r t i n g  a t  t h e  
edges s i n c e  t h e  p r e s e n t  c e l l  d e s i g n  d o e s  n o t  a l l o w  any o v e r l a p  o f  
s e p a r a t o r .  The best  method t o  compensate  f o r  t h i s  d e f e c t  was t o  
u s e  two s e p a r a t o r s ,  w e t t i n g  one on t h e  c a t h o d e  and wrapping  t h e  

2 3  



o t h e r  a round t h e  l i t h i u m .  I n  t h i s  way c e l l s  90881 and 90883 
gave T59’and  150 wat t -hrs / lb  and a h e a v i e r  c a t h o d e  ( c e l l  90884) 
gave 1 6 9  w a t t - h r / l b .  T h i s  s e p a r a t o r s  s h o r t i n g  problem w i l l  
p r o b a b l y  n o t  b e  s i g n i f i c a n t  i n  t h e  f i n a l  d e s i g n ;  hence ,  two 
s e p a r a t o r s  or a t h i c k e r  s e p a r a t o r  w i l l  be used  t o  d e v e l o p  t h e  
c e l l s  i n  s t a t i c  t e s t s .  I n  t h e  f i n a l  d e s i g n  i t  i s  p o s s i b l e  t h a t  
one 3 - m i l ’ s e p a r a t o r  can  b e  used .  

Although s e v e r a l  s e p a r a t o r  mater ia l s  c o u l d  b e  used  i n  o u r  
t a p e  c e l l ,  we have used  one t o  t h r e e  l a y e r s  o f  3-mil po ly-  
p r o p y l e n e  i n  o u r  nonaqueous work. This  mater ia l  has an  open 
s t r u c t u r e .  R e s i s t a n c e  l o s s e s  have been shown t o  be  v e r y  small 
( Q u a r t e r l y  Repor t  No. 2 ,  p .  2 1 ) .  The e l c t r o l y t e  r e t e n t i o n  i s  
s l i g h t ,  which may or may n o t  be a n  a d v a n t a g e .  For compar ison ,  
a glass f i b e r  p a p e r  (Hg03E Hol l ingswor th-Vose)  was used  as t h e  
s e p a r a t o r  i n  a Li/ACL-70 c e l l .  T h i s  material  i s  1 6  m i l s  t h i c k  
and a b s o r b s  l a r g e  q u a n t i t i e s  o f  e l e c t r o l y t e .  T h i n n e r  glass 
f i b e r  mater ia ls  a re  n o t  r e a d i l y  a v a i l a b l e .  S l i c i n g  t h i s  mater ia l  
i n  harf gave  a s e p a r a t o r  comparable  t o  t h e  s t a n d a r d  p o l y p r o p y l e n e  
s e p a r a t o r  . The glass f i b e r  s e p a r a t o r  showed no  a p p a r e n t  
a u v a n t a g e s  ( C e l l  90841 vs  90843) .  

d. E f f e c t  o f  B l e n d i n g  Me thods  

Several c a t h o d e s  were p r e p a r e d  b y  Waring b l e n d i n g  t h e  
e n t i r e  mix (90855-62, 90864-66, 90872) .  Another  l a rge  group 
o f  c a t h o d e s  (90868,  90873-84) was p r e p a r e d  by Waring b l e n d i n g  
t h e  SAB and ca rbon  f i b e r  (CF)  and tumble  mix ing  i n  t h e  
ACL-70 f o r  5 m i n u t e s .  Both methods, a p p e a r  t o  g i v e  comparable  
pe r fo rmance .  The tumble  m i x  i s  L!SPC! ~t p r e s e n t  because t h e  
all-glass a p p a r a t u s  w i l l  n o t  decompose ACL-70. I n  one t e s t  
(90863) ,  t h e  e n t i r e  mix was ground w i t h  m o r t a r  and p e s t l e .  The 
r e s u l t i n g  c a t h o d e  was d e n s e  and r e q u i r e d  l e s s  e l e c t r o l y t e  t h a n  
t h e  s t a n d a r d  tapes  f o r  e q u a l  a p p a r e n t  w i t n e s s  (1.1 m l  v s  1 . 8  m l ) .  
However, t h e  d i s c h a r g e  was p o o r .  Another  t ape  was p r e p a r e d  from 
a t r i c h l o r o e t h y l e n e  s l u r r y  ( s t a n d a r d  t a p e s  are prepared  d r y ) .  
The compar ison  w i t h  t h e  s t a n d a r d  tapes  i n d i c a t e s  no s i g n i f i c a n t  
d i f f e r e n c e s .  

The SAB was Waring b l ended  w i t h  t h e  CF b e c a u s e  t h e  CF forms 
aggregates and g i v e s  lumps i n  t h e  t a p e s  u n l e s s  v i o l e n t  
d i s p e r s i o n  i s  used .  The e f f e c t  o f  Waring b l e n d i n g  on t h e  SAB, 
however ,  was unknown, i n  terms o f  pe r fo rmance .  Hence, tapes  
were r u n  w i t h o u t  CF, i n  o r d e r  t o  assess t h e  e f f e c t  o f  Waring 
b l e n d i n g  o f  SAB. The performance was a lmos t  i d e n t i c a l  



(90870-1) .  The d e n s i t y  o f  t h e  Waring b l ended  SAB c a t h o d e  was 
lower  s i n c e  t h e  b l e n d e r  b roke  t h e  p r imary  a g g l o m e r a t e s  (see 
F i g u r e  2 ) .  It i s  a l s o  of i n t e r e s t  t o  n o t e  t h a t  t h e  r e s u l t s  o f  
t h e s e  t e s t s  are b e t t e r  t h a n  t h o s e  ( 9 0 8 6 9 ) i n  which f i b e r s  were 
u s e d ,  r e p l a c i n g  an e q u a l  weight o f  SAB. 

I n  t h e  tumble  m i x i n g o f  ACL-70 i n t o  SAB-CF, some 
a g g r e g a t e s  o f  ACL-70 remain  i n  t h e  mix. 
was ground i n  a m o r t a r  and p e s t l e  i n  t h e  d r y  box f o r  Tape 
90873-88. 
s i z e  ( F i g u r e  3 )  b u t  d i d  improve t h e  pe r fo rmance  o f  t h e  mix. 

To a v o i d  t h i s ,  t h e  ACL-70 

T h i s  d i d  n o t  a p p e a r  t o  change t h e  p r imary  p a r t i c l e  

e .  L i / A C L - 7 0  E n e r g y  D e n s i t i e s  

The h i g h  ene rgy  d e n s i t i e s  i n  t h e  non-aqueous sys t em i s  a c h i e v e d  
o n l y  by l o n g  d i s c h a r g e  t imes,  as compared t o  aqueous  s y s t e m s .  
The i n i t i a l  c u r r e n t s  seldom exceed  0 . 2 0  amp/ in2 ,  and t h e  c u r r e n t  
decay  i s  s l o w e r  t h a n  i n  t h e  aqueous s y s t e m .  
c u r r e n t  and ene rgy  d e n s i t y  a s  a f u n c t i o n  o f  d i s c h a r g e  t i m e .  
Such c u r v e s  c o u l d  be  used  t o  p r e d i c t  t h e  p e n a l t y  o f  f r e q u e n t  
s t o p - s t a r t  o p e r a t i o n .  The f i g u r e  shows 1 6 9  w a t t - h r / l b  a t  a 
12-hour  r a t e ,  1 6 1  w a t t - h r / l b  at  an 8-hour r a t e ,  and on down t o  
105  w a t t - h r / l b  a t  a 2-hour r a t e .  

F i g u r e  9 shows t h e  

Also  o f  g r e a t  impor t ance  i s  t h e  f a c t  t h a t  e f f i c i e n c i e s  o f  
g r e a t e r  t h a n  50% are  now b e i n g  o b t a i n e d .  T h i s  shows t h a t  b o t h  
c h l o r i n e  atoms on t h e  ACL-70 molecule  a re  e l e c t r o - a c t i v e .  

Energy d e n s i t i e s  a re  g i v e n  i n  T a b l e  A-2 f o r  many o f  t h e  c e l l s  
r u n  t h i s  q u a r t e r .  

f .  A n a l y s i s  o f  C o n s t a n t  V o l t a a e  D i s c h a r g e  C i i r v e s  

It was found t h a t  an  i v s  t-1/2 r e l a t i o n s h i p  was f o l l o w e d  f o r  
aqueous  tape  d i s c h a r g e  (Mg/ACL-85), t h u s  i n d i c a t i n g  a mass 
t r a n s p o r t  l i m i t a t i o n .  The same t y p e  o f  dependence i s  found f o r  
t h e  non-aqueous d i s c h a r g e .  
b e s t  c e l l  ( c e l l  90884) .  The s l o p e  o f  t h e  l i n e  i s  much less  t h a n  
f o r  t h e  aqueous  c e l l s ,  s i n c e  t h e  c u r r e n t  decay  i s  S lower .  

F i g u r e  1 0  shows dependence f o r  o u r  

4. CuF, C a t h o d e  R e s e a r c h  

Because o f  t h e  impor t ance  of water t o  t h e  s o l u b i l i t y  o f  CuF2 
and i t s  d i s c h a r g e  i n  non-aqueous c e l l s ,  w e  d r i e d  and p u r i f i e d  
some CuF2 by  g r i n d i n g  and h e a t i n g  i t  a t  15OOC i n  an a r g o n  
stream. 
f l u o r i n e  stream. T h i s  t r e a t m e n t  s h o u l d  g i v e  a powdered mater ia l  

T h i s  was f o l l o w e d  by h e a t i n g  t h e  CuF2 t o  45OoC i n  a 
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of a s t a n d a r d  h i g h  p u r i t y ,  t o  which water c o u l d  b e  added i f  
n e c e s s a r y .  A compar ison  o f  t a p e s  p r e p a r e d  w i t h  CuF2 ( f l u o r i n e  
t r e a t e d )  showed v e r y  l i t t l e  d i f f e r e n c e  ( C e l l s  90833-4).  The g r e y  
c o l o r  i m p a r t e d  b y  150°C h e a t i n g  i n  a r g o n  was e l i m a t e d  by  t h e  
f l u o r i n a t i o n ,  however.  

5.  L i O C l  C a t h o d e  R e s e a r c h  

A sample of  70% L i O C l  had been p r o c u r e d  and t e s t e d  as a 
c a t h o d e  i n  a manner s imilar  t o  t h e  ACL-70 c a t h o d e  ( Q u a r t e r l y  
Report  No. 4 ) .  The a d v a n t a g e  o f  L i O C l  i s  i t s  presumably 
s i m p l e  and t o t a l  d i s c h a r g e .  Also,  t h e  7 0 %  sample has an A C L  
number of 84. The problem w i t h  t h i s  compound has been one  of 
chemica l  decompos i t ion .  

A se r ies  o f  c h l o r i n e  a n a l y s i s  were maded on L i O C 1 ,  SAB and 
MF m i x t u r e s  pressed on g lass ,  p l a t i n u m ,  and c a r b o n  p l a t e s .  
The a n a l y s e s  were made a f t e r  5 minu tes  s t a n d  u s i n g  0 . l g  L i O C l  
and 0 . 3  m l  o f  L i C l O k ( M F ) .  Wi th  e l e c t r o l y t e  b u t  w i t h o u t  SAB,  
t h e  ACL number was reduced  by  23%. With SAB and no  MF, t h e  l o s s  
i s  2%.  However, w i t h  SAB and MF t h e  l o s s  i s  32%. P r e s s i n g  t h i s  
m i x t u r e  on g l a s s ,  g r a p h i t e  or p l a t i n u m  p l a t e s  appeared t o  make 
no s i g n i f i c a n t  d i f f e r e n c e .  However t h e  s c a t t e r  of' data i s  v e r y  
l a r g e .  Hence, t h e r e  a p p e a r s  t o  b e  a decompos i t ion  o f  L i O C l  i n  
t h e  e l e c t r o l y t e .  

Because of  t h e  a b i l i t y  t o  u t i l i z e  t h e  second c h l o r i n e  on 
ACL-70 i n  a b a t t e r y  sys t em,  and t h e  g e n e r a l l y  e n c o u r a g i n g  r e s u l t s  
o f  t h e  Li/ACL-70 s y s t e m  l i t t l e  emphasis i s  c u r r e n t l y  b e i n g  p l a c e d  
on t h e  L i O C l  s y s t e m .  

a.  N o n a q u e o u s  E l e c t r o l y t e  R e s i s t a n c e  

Using  t h e  v a l u e s  f o r  Tape 90875, a 6 6 %  e l e c t r o l y t e - f i l l e d  
volume i s  c a l c u l a t e d  ( t h i c k n e s s  c a t h o d e ,  35 m i l ,  s epa ra to r ,  4 
m i l  and  1 . 3  m l  o f  e l e c t r o l y t e ) .  
d u c t i v i t y  o f  1 . 2  x ohm-l c m - l ,  t h e  e l e c t r o l y t i c  c o n d u c t i v i t y  
can  be  c a l c u l a t e d  u s i n g  t h e  fo rmula  i n  T a b l e  4 .  T h i s  c a t h o d e  
mix c o n d u c t i v i t y  i s  0 , 0 0 6 4  ohm-I cm-l. The r e s i s t a n c e  from 
t h e  a n o d e t o  t h e  c o l l e c t o r  i s  0 .82  ohm, and a t  0 . 4  amperes  t h e  I R  
l o s s  i s  0 .33  v o l t  which i s  33% o f  t h e  o v e r p o t e n t i a l .  T h i s  i s  an 
u n u s u a l l y  h igh  c u r r e n t  ( o b t a i n e d  o n l y  i n i t i a l l y ) ,  however ,  s i n c e  
t h e  a v e r a g e  c u r r e n t  o v e r  a f o u r  hour  p e r i o d  i s  0.079 amperes. 
Us ing  t h i s c u r r e n t ,  t h e  I R  loss i s  6 . 5 %  o f  t h e  o v e r p o t e n t i a l .  

Us ing  an e l e c t r o l y t e  con- 
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b. Methyl T r i f l u o r o a c e t a t e  as  an E l e c t r o l v t e  

Methyl  f o r m a t e  has been found t o  b e  t h e  b e s t  non-aqueous 
e l e c t r o l y t e  f o r  r e l a t i v e l y  h5gh d r a i n  r a t e  a p p l i c a t i o n s  w i t h  
l i t h i u m .  E t h y l  f o r m a t e  and m e t h y l  a c e t a t e  have a l s o  been  
t e s t e d ,  b u t  t hese  have shown l e s s  f a v o r h b l e  pe r fo rmance .  
M e t h y l  t r i f l u o r o a c e t a t e  was t e s t e d  t h i s  q u a r t e r  w i t h  L i C 1 0 4  
because  i t  appea red  l o g i c a l  t h a t  t h e  s o l v a t i n g  power o f  MF 
i s  i n  t h e  e s t e r  group and t h e  e l e c t r o n i c  e f f e c t  o f  -CF3 i s  i n  t h e  
d i r e c t i o n  o f  -H r a the r  t h a n  - C H 3 .  However, t h e  s o l u b i l i t y  o f  
L i C 1 0 4  i n  C F 3 C O O C H 3  was o n l y  5 x m o l a r ,  and t h e  c o n d u c t i v i t y  
was 6 x ohm-I cm-l. No d i s c h a r g e  was a t tempted .  
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111. T A S K  11. TAPE CELL P R E P A R A T I O N  

A .  P R E P A R A T I O N  OF MACHINELMADE ACL-85 C A T H O D E  

1 .  G e n e r a l  

During  t h i s  r e p o r t  p e r i o d ,  an a t t e m p t  was made t o  o p t i m i z e  
ACL-85 c a t h o d e  c h a r a c t e r i s t i c s .  Mix v a r i a b l e s ,  i n c l u d i n g  t h e  
e f f e c t -  o f  b i n d e r s ,  were s t u d i e d  i n  machine-made c a t h o d e s .  The 
p u r p o s e  o f  t h e s e  e x p e r i m e n t s  was t w o f o l d :  (1) improvement o f  
mechan ica l  p r o p e r t i e s ,  and ( 2 )  improvement o f  e l e c t r i c a l  
c h a r a c t e r i s t i c s .  

The m o d i f i c a t i o n  o f  t h e  s l u r r y  a d d i t i o n  a p p a r a t u s  on t h e  
t ape  making machine has a l lowed  t h e  p r e p a r a t i o n  o f  5 f o o t  ACL-85 
c a t h o d e s .  These c a t h o d e s  were o f  a q u a l i t y  a t  l e a s t  t h e  e q u a l  
of  t h e - c a r e f u l l y  s t a n d a r d i z e d  3 i n . 2  hand-made tapes  used  i n  
s t a t i c  t e s t s .  S m a l l  s e c t i o n s  ( 3  i n . 2 )  o f  t h e  machine-made tapes  
were r u n  s t a t i c a l l y  (Ce l l  90048) .  Even though  t h e s e  were t h e  
i n i t i a l  tape-making attempts,  good e l e c t r o c h e m i c a l  p r o p e r t i e s  
were o b t a i n e d .  

2,. C a t h o d e s  w i t h  Low ( 6 7 % ) . A C L - 8 5  L o a d i n g  

S e v e r a l  b i n d e r  s c r e e n i n g  t e s t s  were c a r r i e d  o u t  on machine- 
made c a t h o d e s  o f  t h e  f o l l o w i n g  c o m p o s i t i o n :  

ACL 85  66 .8% 
SAB 30 .4% 
Carbon Fibeiy 2 . 8 %  

The d r y  mix was b lended  i n  a P a t t e r s o n - K e l l y  a p p a r a t u s .  
The s l u r r y  was hand-mixed w i t h  t r i c h l o r o e t h y l e n e  i n  a non- 
m e t a l l i c  s y s t e m .  The t a p e s  were prepared  on t h e  tape  making 
machine employing a v i b r a t i n g  spreader .  The a v e r a g e  t h i c k n e s s  
of  t h e  tapes  i n  t hese  t e s t s  was 35 m i l s ,  i n c l u d i n g  t h e  4.5-  
m i l  i n c h  Dyne1 s e p a r a t o r .  The spreader i s  a d j u s t a b l e  a l l o w i n g  
t h e  p r e p a r a t i o n  o f  c a t h o d e s  o f  v a r i o u s  t h i c k n e s s e s .  

S i n c e  t h e  tape manufac tu r ing  p r o c e d u r e  had n o t  been r e f i n e d ,  
l o n g  t e r m  r u n s  were n o t  o b t a i n e d .  S u f f i c i e n t  da ta  were o b t a i n e d ,  
however ,  t o  i n t e r p r e t  t h e  e f f e c t  o f  two b i n d e r s .  



I .  

The t a p e  made w i t h o u t  b i n d e r  gave  a c u r r e n t  d e n s i t y  of  0 .051  

P o l y v i n y l  fo rma l  (PVF) and p o l y v i n y l p y r r o l i d o n e  ( P V P )  were 

amp/in.2 a t  2 . 0  v ,  0 . 1 8 5  in /min  t a p e  s p e e d ,  and 2M MgBr2  e l e c t r o l y t e .  

i n v e s t i g a t e d  as b i n d e r s  i n  t h e  above ment ioned  c a t h o d e  mix .  
i n  t h e  d r y  t ape  work, PVF had been found t o  improve t h e  s t r e n g t h  
o f  t h e  c a t h o d e  mix. It appea red ,  however,  t o  b e  o x i d i z e d  by 
ACL-85 ( Q u a r t e r l y  Repor t  No. 2).. 

E a r l y  

A s a t u r a t e d  s o l u t i o n  o f  PVF i n  t r i c h l o r o e t h y l e n e  ( 5  g/l) 
was added t o  t h e  t a p e  c a t h o d e .  The b i n d e r  c o n c e n t r a t i o n  was 7 
p e r  c e n t  o f  t h e  c a t h o d e  mix. T h i s  t a p e  had t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  

-- E l e c t r i c a l  - poor ;  c -u r ren t  d e n s i t y  0 . 0 1 3  amp/ in .2  a t  1 . 5  
v o l t s  and 0 . 2 5  in /min  t a p e  speed .  

-- Mechanica l  - f a i r ;  a d h e s i o n  t o  t h e  s e p a r a t o r  was b e t t e r  
t h a n  w i t h  t h e  c a t h o d e  w i t h o u t  b i n d e r .  A s l i g h t  s e p a r a t i o n  o f  
t h e  mix and s e p a r a t o r  o c c u r r e d  when t h e  t a p e  was r o l l e d  a round 
a o n e - h a l f  i n c h  r o d .  The mix d i d  n o t  adhere t o  t h e  c u r r e n t  
c o l l e c t o r .  

-- Conc lus ion  - t h e  a d d i t i o n  o f  PVF b i n d e r  r educed  t h e  
e l e c t r i c a l  o u t p u t  of  t h e  t a p e ,  b u t  improved i t s  mechan ica l  
p r o p e r t i e s  . 

When PVP b i n d e r  was used i n  t h e  c a t h o d e  mix, i d e n t i c a l  
e l e c t r i c a l  c h a r a c t e r i s t i c s  were o b t a i n e d ,  bu t  p o o r e r  mechan ica l  
p r o p e r t i e s  r e s u l t e d .  

3 .  C a t h o d e s  w i t h  H i g h  ( 8 0 % )  ACL-85 L o a d i n g  

A f t e r  h a v i n g  e s t a b l i s h e d  t h e  c a t h o d e  m a n u f a c t u r i n g  and 
t e s t i n g  p r o c e d u r e s ,  t h e  e f f e c t  o f  PVF b i n d e r  on c a t h o d e s  w i t h  
g r e a t e r  ACL-85 l o a d i n g  was examined. 

The d r y  mix was composed o ' f :  

ACL-85 80% 
SAB 1 6 %  
Pape r  Pulp  4 %  

T h i s  mix r e q u i r e d  l e s s  t r i c h l o r o e t h y l e n e  f o r  t h e  p r o p e r  s l u r r y  
d e n s i t y  t h a n  t h e  6 7 %  mix. 
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A t ape  (92453)  o f  t h e  above c o m p o s i t i o n  ( w i t h  no b i n d e r )  had 
t h e  f o l l o w i n g  c h a r a c t e r i s t i c s ;  

-- E l l e c t r i c a l  - good; c u r r e n t  d e n s i t y  0 . 1 0  amp/ in .2  a t  2 . 1  
v o l t s  and 0 .25  in /min  t a p e  speed .  

-- Mechanica l  - f a i r ;  t h e  tape was ben t  a round a 0 .5 - inch  r o d  
w i t h  some s e p a r a t i o n  and c r a c k i n g  o f  t h e  c a t h o d e  mix. The mix 
d i d  n o t  adhere a p p r e c i a b l y  t o  t h e  c o l l e c t o r  d u r i n g  t h e  50-minute 
dynamic r u n .  

An i d e n t i c a l  tape (92454)  w i t h  0 . 8 %  o f  PVF b i n d e r  added gave  
t h e  f o l l o w i n g  da ta :  

-- E l e c t r i c a l  - p o o r ;  t a p e  r a n  d y n a m i c a l l y  f o r  l e s s  t h a n  5 
m i n u t e s  a t  0 . 1  amp/ in .2  and 2 . 2  t o  1.1 v o l t .  

-- Mechanica l  - good; t a p e  e a s i l y  b e n t  a round  a one -ha l f  
i n c h  r o d  w i t h  o n l y  s l i g h t  c r a c k i n g .  L i t t l e  a d h e s i o n  t o  t h e  
c u r r e n t  c o l l e c t o r  p l a t e .  

-- Conc lus ion  - t h e  PVF b i n d e r  r educed  t h e  e l e c t r i c a l  o u t p u t  
o f  t h e  tape bu t  improved i t s  mechan ica l  c h a r a c t e r i s t i c s .  

F u r t h e r  r e f i n e m e n t s  o f  t h e  t a p e  m a n u f a c t u r i n g  p r o c e d u r e  a re  
underway. T e s t i n g  o f  v a r i o u s  PVF c o n c e n t r a t i o n s  a r e  des i r ab le  
i n  o r d e r  t o  f i n d  t h e  best  compromise between e l e c t r i c a l  o u t p u t  
and mechan ica l  s t r e n g t h .  

A program was u n d e r t a k e n  t o  o b t a i n  p r e l i m i n a r y  data  on t h e  
a p p l i c a b i l i t y  o f  t h e  d r y  tape concept  t o  t h e  oxygen c a t h o d e  
b a t t e r y  s y s t e m .  
s p e c i a l l y  d e s i g n e d  f o r  t h i s  work ( F i g u r e  11). T h i s  s y s t e m  
c o n s i s t e d  o f  t h e  f o l l o w i n g  components:  

Dynamic t e s t s  were conduc ted  on an a p p a r a t u s  

( a )  

( b )  A b l o c k  anode.  

A p r o p r i e t a r y  MRC oxygen e l e c t r o d e .  

( c )  A moving 1 - m i l  Dyne1 s e p a r a t o r .  

( d )  An aqueous  e l e c t r o l y t e  added t o  t h e  s e p a r a t o r  j u s t  
b e f o r e  t h e  anode .  



€ 1  e c t r o l y t e  
( K O H  s o l u t i o n @  

Zn Anode 

t o r  

F i g u r e  11  D y n a m i c  Z i n c / K O H / O x y g e n  T a p e  S y s t e m  
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2. The Zinc-Oxygen System 

The h i g h e s t  ene rgy  d e n s i t y  o b t a i n e d  unde r  non-opt imized 
c o n d i t i o n s  was 1 2 7  w a t t - h r / l b  ( T a b l e  8 ) .  The weights used  
i n c l u d e d  t h e  measured weights  of e l e c t r o l y t e  and s e p a r a t o r ,  
and t h e  t h e o r e t i c a l  w e i g h t s  o f  oxygen and z i n c  consumed based on 
t h e  o u t p u t  o f  t h e  c e l l .  A v e r y  s low t a p e  speed ( 4 . 2 8  i n . / h r )  
and a s a t u r a t e d  KOH s o l u t i o n  were found t o  g i v e  t h e  bes t  r e s u l t s .  

The Zn/KOH/02 s y s t e m  has e x c e l l e n t  p o s s i b i l i t i e s  f o r  f u t u r e  
d r y  t a p e  s t u d i e s .  

3. The Magnesium-Oxygen System 

A s i n g l e  dynamic t e s t  was conducted  w i t h  t h e  Mg/2M M g C l 2 / C 2  
s y s t e m  on an a p p a r a t u s  s imi la r  t o  t h a t  d e s c r i b e d  i n  F i g u r e  11. 
The r e s u l t s  were n o n - r e p r o d u c i b l e ,  presumably owing t o  t h e  
d e t e r i o r a t i o n  of t h e  oxygen e l e c t r o d e  unde r  t h e  r e a c t i o n  con- 
d i t i o n s .  A m o d i f i c a t i o n  o f  t h e  c a t h o d e ,  t h e r e f o r e ,  would be  
n e c e s s a r y  b e f o r e  any f u t u r e  work cou ld  b e  u n d e r t a k e n .  
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T a b l e  8 

ZINC/OXYGEN C E L L  CHARACTERISTICS 
( C e l l  90072b) 

Tape (0 .0145 g / i n 2 ) :  

Tape Speed: 

Current Coll  e c t o r  Areas: 

E l e c t r o l y t e  ( d  = 1.54 g / m l ) :  

E l e c t r o l y t e  Used: 

Current C o l l e c t o r  No. 1 :  

C u r r e n t  C o l l e c t o r  N o .  2: 

Power: 

Measured Weight o f  E l e c t r o l y t e :  

Measured Weight o f  S e p a r a t o r :  

T h e o r e t i c a l  Weight o f  Zinc:  

T h e o r e t i c a l  W e i g h t  o f  Oxygen: 

T o t a l  Ce l l  Weight: 

E N E R G Y  DENSITY 

1 mil Dyne1 

4 .28  in./hr 

3 . 0  i n 2  

S a t u r a t e d  K O H  

0.0365 g / i n 2  

1 . 3  v (3 0.10 amp 

1 .2  v (b 0.11 amp 

0.262 w a t t  

0 .468 -9 

0.147 g 

0.255 g 

0 .063 g 

0 .933  g 
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I V .  T A S K  111. S U P P O R T I N G  R E S E A R C H  

A .  R O L L I N G  C A T H O D E  C U R R E N T  C O L L E C T O R  

E v a l u a t i o n  of  a ca rbon  r o l l i n g  c u r r e n t  c o l l e c t o r  was begun 
t h i s  q u a r t e r .  T h i s  d e v i c e  has a 2- inch diameter  w i t h  5 . 5  i n . 2  
b e i n g  u t i l i z e d  t o  c o l l e c t  c u r r e n t .  Tests  showed t h a t  up t o  
1 w a t t / i n . 2  c o u l d  be  m a i n t a i n e d  w i t h  Mg/A1C13/ACL-85 t a p e s ,  a t  
l ea s t  for l i m i t e d  p e r i o d s .  E l e c t r o l y t e  a d d i t i o n  was manual.  
Adhesion o f  t h e  c a t h o d e  mix t o  t h e  c u r r e n t  c o l l e c t o r  was s t i l l  
a problem.  The s i z e  o f  t h i s  c o l l e c t o r  was l a r g e  enough t o  p e r -  
m i t  e l e c t r i c a l  e v a l u a t i o n ,  b u t  t o o  small t o  a l l o w  t h e  a d d i t i o n  
of a s c r a p e r  for removal  of a d h e r i n g  c a r b o n .  

A s i x - i n c h  diameter  c u r r e n t  c o l l e c t o r  was f a b r i c a t e d .  The 
c a t h o d e  a d h e s i o n  was s t i l l  a p p a r e n t ,  even  w i t h  s c r a p i n g .  A t  
t h e  p r e s e n t  s t a t e  o f  deve lopment ,  a s t a t i c  c u r r e n t  c o l l e c t o r  
appears more f e a s i b l e  t h a n  a r o l l i n g  c o l l e c t o r .  

B. P R E S S U R I Z E D  T E S T I N G  C H A M B E R  

The h i g h  v o l a t i l i t y  of m e t h y l  fo rma te  has l e d  u s  t o  d e s i g n  a 
p r e s s u r e  chamber ( Q u a r t e r l y  Report  No. 4) which  was t e s t e d  t h i s  
q u a r t e r .  The chamber was p r e s s u r i z e d  t o  20  p s i  w i t h  a r g o n ,  and 
t h e  c e l l  was d i s c h a r g e d  i n  t h e  chamber i n  t h e  d r y  box. The c e l l  
a p p e a r e d  wet ter  t h a n  u s u a l  a f t e r  160-minute d i s c h a r g e  was completed 
( C e l l  90831) .  

The p r e s s u r e  c e l l  has y i e l d e d  e r r a t i c  r e s u l t s .  While s e v e r a l  
c e l l s  have g i v e n  a lmos t  no  d i s c h a r g e ,  some v e r y  good r e s u l t s  
a l s o  have been  o b t a i n e d  f r o m  t h i s  a p p a r a t u s  ( e . g .  C e l l  9 0 8 4 4 ) .  
A s e r i e s  of  e x p e r i m e n t s  was conducted  i n  t h e  p r e s s u r e  c e l l  a t  
h i g h  v o l t a g e  t o  o b t a i n  a l o n g ,  s u s t a i n e d  d i s c h a r g e  w i t h o u t  
e v a p o r a t i o n .  The r e s u l t s  show 3 . 0  v o l t s  t o  b e  p r e f e r r e d  t o  3 . 2  
o r  3 . 5  v o l t s .  

T h i s  c e l l  w i l l  be u s e f u l  for t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  
o f  c e l l  g a s s i n g .  

3 6  



V .  FUTURE PLANS 

A. AQUEOUS SYSTEMS 

1. 
be  s t u d i e d .  

The e f f e c t  of  s u r f a c t a n t s  on ACL-85 c a t h o d e  per formance  w i l l  

2 .  
be  e v a l u a t e d .  

The e f f e c t  of  MgBr2 e l e c t r o l y t e  m o l a r i t y  on per formance  w i l l  

3. 
mechan ica l  p r o p e r t i e s .  

4 .  
c a t h o d e  sys t em.  

Machine-made c a t h o d e s  w i l l  be  o p t i m i z e d  f o r  e l e c t i c a l  and 

F u r t h e r  s t u d i e s  w i l l  be  c a r r i e d  o u t  i n  t h e  Mg/Br2 l i q u i d  

B. NON-AQUEOUS SYSTEMS 

1. The e f f e c t  of  e l e c t r o l y t e  c o n c e n t r a t i o n  (LiC104-methyl f o r m a t e )  
on c e l l  per formance  w i l l  b e  de t e rmined .  

2 .  S e p a r a t o r s  t h i c k e r  t h a n  3 m i l  p o l y p r o p y l e n e  w i l l  be  e v a l u a t e d  
t o  r e d u c e  any p o s s i b l e  c e l l  s h o r t i n g .  

3. The d i f f i c u l t i e s  encoun te red  w i t h  t h e  p r e s s u r i z e d  t e s t  
chamber w i l l  b e  r e s o l v e d .  

4. The e f f e c t  o f  c a t h o d e  f o r m a t i o n  p r e s s u r e  w i l l  b e  s t u d i e d .  
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A t t e n t i o n :  W i l l i a m  F. Meyers 

Lockheed Missiles + Space Co. 
Dept. 52-30 
Palo  Al to ,  C a l i f o r n i a  
A t t e n t i o n :  J .  E.  C h i l t o n  

Larry Nelson 

TRW Systems Group, TRW Inc .  
One Space Park 
Bldg. 68, Room 3648 
Redondo Beach, C a l i f o r n i a  90278 
A t t e n t i o n :  Dr. H. P.  Si lverman 

Mallory B a t t e r y  Company 
60 Elm S t .  
North Tarrytown, New York 
A t t e n t i o n :  R .  R. Clune 

Marquardt Corpora t ion  
16555 Sa t i coy  S t .  
Van Nuys, C a l i f o r n i a  
A t t e n t i o n :  D r .  H .  G .  K r u l l  

M a t e r i a l  Res. Corpora t ion  
Orangeburg, New York 
A t t e n t i o n :  V .  E .  Adler  

Metals  and Con t ro l s  D iv i s ion  
Texas Ins t ruments ,  I n c .  
34 F o r e s t  S t .  
A t t l eboro ,  Mass. 
A t t en t ion :  D r .  E .  M .  J o s t  

Midwest Res. I n s t .  
425 Volker  Blvd. 
Kansas C i ty ,  Missouri  
A t t e n t i o n :  D r .  B. W. Beadle  

Motorola, I n c .  
9201 McDowell Road 
S c o t t s d a l e ,  Arizona 85252 
A t t e n t i o n :  M r .  J .  J .  Fenner  

North American Avia t ion ,  I n c .  
Rocketdyne Div i s ion  
6633 Canoga Ave. 
Canoga Park,  C a l i f o r n i a  

North American Avia t lon ,  Inc  . 
1221 Lakewood Blvd. 
Downey, Ca l i f0  r n i a  
A t t e n t i o n :  Burton M .  O tz inge r  

D r .  John Owen 
P .  0. Box 87 
Rloornf i e l d ,  N e w  J e r s e y  

P. R. Mallory and Co., I n c .  
Technica l  S e r v i c e s  Lab. 
3029 E. Washington S t .  
I n d i a n a p o l i s ,  Ind iana  46206 
At t en t ion :  A .  s. Doty 

P. R .  Mallory and Co., I n c .  
Northwest I n d u s t r i a l  Park  
Bur l ing ton ,  Mass. 
At t en t ion :  D r .  R.  Sel im 

Technica l  L i b r a r i a n  

D r .  Per B Y 0  

Power Sources  DIvJ s i o n  
Whi t taker  Corp. 
9601 Canoga Ave. 
Chatsworth, C a l i f o r n i a  91311 
A t t e n t i o n :  D r .  W .  Shaw 

Power Sources  Divis i o n  
Whi t taker  Corp. 
P. 0 .  Box 337 
Newbury Park, C a l i f o r n i a  
A t t e n t i o n :  Mr. John Rhyme 

Power Sources  Div i s ion  
Whi t taker  Corp. 
Denver, Colorado 
A t t e n t i o n :  Borch Wendir 

P h i l c o  Corp. 
DivMon of  t h e  Ford Motor Co. 
Blue B e l l ,  P a .  
A t t e n t i o n :  D r .  P h i l l i p  Chole t  

Rad ia t ion  App l i ca t ions ,  I n c .  

Long I s l a n d  C i t y ,  N e w  York 
A t t e n t i o n :  Monroe Pofcher  

Radio Corpora t ion  of  America 
As t ro  D i v i s i o n  
Heights town,  N e w  J e r s e y  
A t t e n t i o n :  Seymsur Winkler 

Radio Corpora t ion  of America 
P.O. Box 800 
Pr ince ton ,  N e w  J e r s e y  
A t t e n t i o n :  I .  Shulman 

Space Technology Labs. ,  I n c .  
One Space Park 
Redondo Beach, C a l i f o r n i a  
A t t e n t i o n :  D r . A .  Krausz 

Sou thwes t Research I n s  t i  t u  t e 
8500 Culebra  Road 
San Antonio 6,  Texas 
A t t e n t i o n :  D r .  J a n  A 1  

36-40 37 th  S t .  

Tyco Labs. ,  I n c .  
Bear  H i l l  
Waltham, !ass. 
A t t e n t i o n  W .  W .  Bu rne t t  

Sonotone Corp. 
Saw M i l l  R ive r  Road 
Elmsford,  N e w  York 
A t t e n t i o n :  A .  Mundel 

Texas Tnstrurnents, I n c .  
13500 Norbth Cen t ra l  Expressway 
Dallas,  Texas 
A t t e n t i o n :  Dr. I s a a c  'Trachtenberg 

Thomas A .  Edison Res. Lab. 
McGraw Edison C 3 .  
Watchung Ave. 
West Orange, New J e r sey  
A t t e n t i o n :  Dr. P .  F.  Gr i ege r  
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Thornpsm Ram0 Wo3ldridge, I n c .  
23555 E u c l i d  Ave. 
Cleveland,  Ohio 44117 
A t t e n t i o n :  L i b r a r i a n  

Union Carbide Corp. 
Development Lab. L i b r a r y  
P.O. Box 6065 
Cleveland,  Ohio 44101 
A t t e n t i o n :  Miss C.  M. Foecking 

U n i v e r s i t y  of C a l i f o r n i a  
Space Science Lab. 
Berke ley  4 ,  C a l i f o r n i a  
A t t e n t i o n :  Dr. C .  W .  Tobias 

U n i v e r s i t y  3f Pa. 
E lec t rochemis t ry  Labora tory  
P h i l a d e l p h i a ,  Pennsylvania  
A t t e n t i o n :  P r o f .  J .  O'M. Bockris  

M. S. Wright-Library 

Western Co. 
S u i t e  803, RCA Bui ld ing  
Washington, D. C .  
A t t e n t i o n :  R. J .  F i s k e  

Westinghouse E l e c t r i c  Corp. 
R e s .  and Development Cen te r  
C h u r c h i l l  Borough 
P i t t s b u r g h ,  Pennsylvania  
A t t e n t i o n :  Dr. A .  Langer 

Yardney E l e c t r i c  Corpora t ion  
40-50 Leonard S t r e e t  
New York, New York 
At t en t ion :  Dr. Paul  Howard 


